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1. Intr odu ct,io n
ln tlliB Paper We de s cribe the 丘･射 n e W O rk of an
atm o spheric c or re ctio n algo ritlm which w eha.v e
dev eloped r e ce ntly･ The algorithm is for the c o r-
r e ctio n of vis ble a nd n e a トin fra red 8atellit.e im _
a･ges, with ancilla ∫yinform atio n o n atm o spheric
par am ete rs obtain ed with a s u nphoto m eter a nd
a multi- w avele ngth lidar. T he gr o und obse rv a-
tio n s syn chr o ni2;ed withthe S atellite o v c rpa BSpr o-
vi de the a er o s ol pticalthiclme ss T&, its w a ve -
le ngthdependen ce, a ndthe v erticalpr o丘1e ofthe
a m o s ol e xtin ctio n co efRcie nt･ h the algoritlm,
firstthe pix elr eAect an c eis a nalytically e xpr es sed
in te r m s of radianc e c o mpo n e nt占de七e cted by a
Satellite se n s o r. T his sche m e e n ablesu st.o cal_
culatetheinfhe n c e ofthe atm o sphe ric e xtin ctio n
u slng age n eralradiativ etr an sfer c ode s u cha sthe
M O D TR A N 3･ T he s e c o ndpa rt ofthe algoritlm
deals withthe ra nge(N x N pix els a r o u ndthe
target)in whichthe adja c en cy effe ct shoul d be
in c o rpo r a七ed･ W e as s u m etha七the optic althick-
n e s s T& is r elativ ely s mal1〉 he n c ethe s c attering
pro ce ssi r e a son ably ha ndled by ･the single s cat-
七erlngap Pr O由 m atio n. Slm ulatio n re s ultsindic ate
thatboth Ta a nd & er o S olv e rtical distri btltion play
signific ant rolein tlle dete r min atio n ofT8 .
h Se c･ 2
,
w ede s cribe the e ss en七iala spe cts of
the pr9Sent algo riもlm forthe atm o spheric c o rr e c-
tio n･ T he ac c u r a cy ofthe r etrie valofgr o u nd r e-
丑ecta nc eis also dis cu s sed･ In Se c･ 3, the bat
Sic c o n cept ofthe single s c atteringtre atm e nt of
the adja c e n cy effe ct e v alu atio rlis pr es e nted alo ng
with simulatio n re sults.
2 1 At m o sph ric c orT e C七io n
2.1 A lgo l
･ithm
Ou r algoritlm
1)is ba s ed o n Richterls two -step
algo rithm
2)
. Ifw e asstl m ein his algo rithm that
a r espo n c efun ctio ntal(e sa, c o n 8tan七 v ahe within
the s e n so rba nd wi dth
,
the eqllatio n ofthe 6rst･
o rder r efle cta n c e
,P(
i)
'
can be sim plified a sfollo w s
p'
l'
= pM OD蓋諾 (1)
Here
, PMO Di8 the su rfa c e reflcc七a n c e u s ed in the
M O D T R A Ncalculatio n) Lpix is the pix el r adi-
an c e obs e rv edbythe s e n s o r, a nd Ltotala nd Lo, r e-
spe ctiv ely, a r ethe totala ndpath r adia n c e B at the
TOA obt.aim ed fr o mthe M O D T R A Ncalculat.ion .
Figu re1(a)sho w sthe depe nde n c e of M O D T R A N
radian ce c o mpo n e nts o nthe sll rface r efle c七 an c e.
AB C a 皿be seen fro m this figtu e, tlle V alu e of
Ltot&l - Lo i8 pr OpO r七io nalto tile Su rfa c e re-
且e cta n ce七o ago od appro云 m atio n. This ndicates
thati皿 Bq･ (1)the r atio ofPM O D/(L七ot8l - Lo)
do es n otdepend o ntlle Valu e ofpM OD as s u m ed in
the M O D T R A Ncalculatio n :in the pr es e nt Sin -
t latio n
,
w e 1 柑 ePM OD - 0.2.
T he s e c o nd1 0 rde r e xpre ssio n ofthe adja c en cy
eぽe c七 c o rr e ctio nbe c o m e s
p
(2'
- p'
1)＋圭碧(p'1' - p'1') (2)
wher ep(
1) - ∑,y=
2
1Pill)/N2, Lgis the T o År adi-
an c edu eto the grou nd r eBe ctio n) a Jld Lpis the
path r adian c e:the se a r eals o obtain able thr o ugh
ー39-
the 118ual M O D T RAN calculatio n, a SglV e ninFig.
1(a),
No w, w e c o n side rimprove me nt ofthe co rr e c-
tion ofthe ad5a c en cy effe乍t. h orderto c o n side r
this e払 c七, he re w e u s eth following expres sio n,
si mi 1ar七o Eq. (2), to de血 ep(a)=
p
'3' - p'
2'･ 立岩(p(1' - p'2') (3)
Repe ated ap plic atio n of■simila rpr o ced-ュre leads
七o an e xpr es sio n for A- th o rde rcorre ctio n ofthe
adja ce n cy effe ct:
p`
ゐ'
- p
'k - l'･bi
f!(p
-'k ‾ 2) -
p
-'h - l') (4)
k = 3
,
4, -
Tests ha v e sho w ntha七 u sual1ythe progr es sio n of
p
(A) co n v e rgesforA≧3, and A- 3giv es B u氏cien七
ac cllr a Cy..
Her e w e tlS eP(
3)a sthe 払al fom ofthe
atm o spheric c o rr e ctio n, Thu s, w ehave derived a
thr e e-step algorithm bas ed o n Eqs･ (1),(2), and
(3)L
2. 2 V alidatio n m et.hod ofthe 七h e e- step al-
go rit lm
T he M OD TRA Nc ode giv e sthe T o Åtotalr a-
dia n c ein afor m of
Lt｡t&l ≡ Lgd＋Lsil＋L由2＋L,s＋L,m l＋L,m 2(5)
wher eL舌d is the dire ctly gr o und- r e且e cted radi-
a nce) L岳ii the in direc七1y gr ound
-r e且ec七ed radi-
an c e, Lps the path r adia n c edu eto single s c at-
tering, a nd Lpmi the pathradianFe du eto m ul
-
tiple s cattering. A detailed an alysis sho w sthat
am o ngthe se c o mpo n e nts) Lpm 2 1Spr OPO rtio nalto
thegr o und reEe cta n ce and Lgi2is pr opo rtio nalto
the Bqtla re Ofthe su血 c e reAe ct an ce(Fig･ 1(b))･
T hu sthe I.otalr adia n c e七ha七 w oul d be obs er v ed
by a satellite s en s o rfor ata rgetpix el, the n, c a n
be expressed a5
L
pix
- L
gd(p)＋Lgil(p)＋Lgi2(p,j5)
＋Lps ＋Lpm l ＋ Lp m 2(p-) (6)
fler epis the ta rget re且ecta n c e a ndp
-
is the a v-
e r age re丑e ct an ce･ In the calculatio n of Lpix u sing
Eq. (6), the r eflecta nc edependen ce of e a ch r a-
dia n c e co mpo n e ntis deter min ed by atm o spheric
co nditio n s
,
the opticalthickness at550nln , 7b50,
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Figtlr e1: Su rfa c e r ea cta n cedepe nde n c e oft土1e
r adian ce co mpo n e nts calculated for a n a er o s olop-
tic althickne ss of 0,1981 (a)Fo u r r adian ce c o mpo -
n e ntsin the M O D T R A Nc ode･ (b)Each of Lpr n
a nd L
gi
a re S epa r ated in七o 七w o c o mpo n e n七s･ T he
left o rdin ateiB for L
sd,
andthe right o rd inateis
for the otherfiv e c o mpon e nts.
a nd the aer o s ol m odel spe cified for the M OD-
T R A Ncalculatio n(The ae ro s olm odel dete m nin es
the w a v ele ngthdepende n c e ofthe a eros ole xtin c-
tio n). In the pr es e nt simulatio n, w e u s ethe u rba n
ae ro801 m odel.
T he pr o ce ss of the pr es e nt slmula.tio n is
schem atically sho wnin Fig. 2. T he re s ultis e val-
u ated fo rthe s e c o nd- andthird- step r e且ec七anc es,
p(i)(i = 2,3),by m e an s ofr elativ e er ro rsdefin ed
a s r('
'
) = (p('
'
) - pt)/pt.
Sin cefor e a chpix el, the r elativ eimporta n c e of
the adja ce n cy effe ctdiffe rsin a c c o rda n c e withthe
plX el r e且e cta n c e, w e m ake a sta七isticalc o n sider-
atio nfor e a ch pix elgro up 七ha七 co n sits ofpix els
char a cteriz ed bythe s am e r e且e ctan ce, We de丘ne
- 4 0-
Table 1: N OA A A V E R R data and r elated pa r a m e七 rs･ T550is the a er o s ol opticalthickness at550
n m deriv ed 丘
･
o m the slm ulta n e o u s obs e rv atio n uslng a S u nPhoto m e七er･ Sj a nd Il
l
a r ethe calibr ation
(slope a nd inter c ept)c o nst an七sfor the cha n n eli(-1,2)NO A A data.
No . Date Tim e 7ち50 S1 Il S2 I2
1 1997/12/05 13:51 0.198 0.1338 -5.4876 0.1690 -6.9267
2 1998/12/28 14:22 0.3170.1304 -5.3464 0.1531 -6:2776
3 1999/04/1 4 14;32 0.357 0.1321 15.4172 0.1548 -6.34=74
4 1999/07/29 1 4: 6 0.150 0.1336 - 5.4762 0.1562 -6.4055
the a v er age valu e ofthe relativ e e rr o r r(i) a s
戸(j)(pt) = ∑rt(3
1
)/m(pt) (7)
βt
wher ethe s um m atio nis c a r ried o utfor m(pt)pix-
els Whichha sthe o riginalr efle cta n c e ofpt. Si mi1
1ar1y, w e defin ethe sta ndard deviatio n of r()
I
a B
q(i,(pt, -[志 冨(ri(,
.
- F(3
･
,(pt,)
2】
1′2
(8)
Ifthe atm o spheric co r r e ctio n ofthe Lpix im age
w er e c a rried o ut in a pe rfe ct w ay, both F(3
'
)(pt)
a nd q(チ)(pt)be c o m e z er o.
213 Se n sitivity a n alys18 u singt he A V ⅡR R
data
2.3.1 A V II R R data
Table1 sho w sthe N O A A 14 A V H R R data u sed
in七he pr es ent Sim ulatio n a nd a nalysis･ T he s atel-
Lte o v erflight to okpla c ebetw e e n1:30 and 3:00
p･甲･ O v e rthe C hiba a r e a: e a ch lmaBe(190×190
pixels)w astake n a七the n ea r n adir angle c entered
at the ar ea ･ Both cha n nel land cha n n el 2 im ages
ar e e mployed he re.
Fbr e a ch s atellite datain Table 1, w e u s ethe
aero s olop七icalthicknes s obtain ed u sing a s u npho-
to m e七era七 the tim e ofthe NO A A1 4o v erAight.
T he valu e at550n m I7350, W hich is r equir ed a s an
m putpa ra m eterin the M O D T R A Nc alc ulatio n
,
is determin ed by the hterpohtio n ofthe eight-
w a v el ngth B u nphoto m eterdata. T he valu e s a r e
listed in thefollrth colll m n .fthe table.
For the other pa r a m et rsgiv e ntO the M O D-
TR A Ncode〉 w e e mploythe st anda rd atm o sphe r e
(midlatitude) andthe u rba n a er o s olm odel fo,the
wa v elmgth depe nde n c e ofthe a er o s ole xtin ction .
Ge ne(a(ion DE PtiJTL且Be
ipitizTLage
温q.(6)
EqB.(1) -(a)
Atrn ospheric c orre c血 n
StJ血 cc TSnBCtanCe
af[er c orrectio n
p(2,)p【3)
Estim 且LioT) OEer ro 塔
甲Q't).d
D
(pt),き2･3
､
Figllr e2: Flo w dla rt Ofthe se n sitivity a nalysis
ofthe pre se nt thr ee-step atm o spheric c o rr ectio n
algo ritll m.
The w a v e n u nber r eglO nis 14184 - 17467c m
- 1
fo rdla n nel 1a nd 9975～ 13840c m
‾ 1fo r cha nnel
2. Botb 也e bin width a ndt九e widt血 ofthe 七ri_
angularfun ctio n a retakento be 40 c m
- 1
. Tli8
c o rr eBPO nds七othe a.s s u mptio n ofthe umi fo r m 5 en -
6itivity o v ert.he s e n s o rbandwi dth in the c alc ula-
tio n ofthe r adia n c e c o mpo n e nts.
2 .3. 2 lmage sfo r sim lllat,io n
For the in ple m entatio n of the m ethod de-
s c ribed in Se c1 2･2, w epr epa reim ages a r o u nd
the C hiba a r e aba.s ea o nthe r eals atellitedata af_
te rthe atm o Bpll eric c or r e ctio n. T he pix els with
pt > 0･5 a r e r egarded as ha ving pt = 0.5. T he siz e
ofthe C hibaim agesis186× 186. We cho o s eim -
- 4 1-
agesNo･2 a ndNo･3 witll relativ elyla rge v alu es of
the op七icalthicknes sto c oIIStru Ctthete s七im ages.
h the M O DTR A Ncalc ulatio n 118ing eq.(6), w e
u s ethe optic althickne ss aLt 550n m(T550)in Table
l･ Forthe calculatio n ofthe a･v e r age r e且e cta n c e
j5, w e stlldy tw o ca s es of N - 15. Ⅰ七is n oted
thatin the pr a c七icalap plic atio n of atm o声pheric
c o rr e ctio n
,
the choice ofthe r a nge pa ra m et r N
is c ru cial forthe e x a c七 r ezn o valofthe adja c e n cy
effe cts,4).
213 R etrie val withthe s a ヱ1e r a nge pa r a 皿 e-
七e r
We c o n siderthe ca s ein whichthe s am e v alll e
ofthe r ange par a 皿 e七eris u s ed forthe prepa r atio n
ofthe testim age(Nsim)a nd fortll e atm ospheric
c or re ctio n(Na t)･
T he results ar e sho v nin Fig･ 3=(a)is forthe
A V H R Rcha n n ell and(b)isfor cha n n el2 ofthe
im age No･2(De ce mbe r28, 1998) and(c)ch an -
n el 1a nd(d)_
cha n n el2 oftheim age No.3(April
14
,
1999)I T he stel, Ofthe r e&e ctivity, Apt, is
abolltO･01･ lmpr o v e m e n七i the third-step T e mlt
is evi de nt a B CO mp ar ed withthe se c o nd- step o n e.
For the pix el reAe cta n c e of les sth an - 0･2, the
z
･
etrie v edpix elrefle cta n c ehas a n a c c u ra cybetter
th an 1 % for dla nTI el 1a nd 0.5 %fo r cha n n el2.
In the c a s e ofthe im age No. 3, the r elativ e err o r
in cre ases With pt. Thisis a s cri bedto the clo ud
pix els which aLr e r elativ ely s m all in n u mber(le ss
tha n20pix el for e adl r eAec七ivity)ye七quitei 血 -
e ntialto the n eighboringpl】⊂el8.
3 A dja c e n cy effect
3･1 Radiatio n c o mpo n e nt r ele va rlt tO the
adja c e n cy eGe c七
In thevisible a ndn e ar- infh edr eglO n Ofもhe s o-
1aJI SPe C七ru m†the pu rpo se ofthe atm o spheric co r-
r e ctio nisto extr a ct 七hedir ectly gr ollnd- r e且e cted
c o mpo n entLgdfr0 皿the six co mpo n entsdepicted
in Fig･ 41 h thefollowing, w e e valu atethe m ag-
nitude ofthe adja c en cy c o mpo n ent c o rr espo nd-
1 ngtO Lpm 2in Fig･ 4･ As co mpa r ed wi this
te rm , other adja ce n cy c o mpon e nt, Lgi2, e Xhibits･
s maller co ntributio nd11e七oin cre a s ein the n u 血l
berofBCatte ring pro ce ss esinv olved.
Figu r e5 illn strateBthe pre se nt c o n丘gu r a･七io n
u s edto calc ulate their radia n c e r elatedto the ad_
JaCe n Cy eHe ct･ We as s u m etllat the atm o sphere
is horiz o ntallylayered, with a u nifor m extin c-
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Figu re3: Retrievale rr o rsforthe C hibaim age s.
(a･) (A V ⅡR Rch an n el1)a nd(b)(cha n nel 2)a re
fo rtheim age No ･2(Dec e mber28, 1998), and(c)
(chan n el1)and(d)(cha n n el 2)a refor theim -
age No･3(April 14,1999). Pix elr e且e c七a11C eS are
r etriev ed with a n a cc u r a cy ofabotlt1%(cha n n el
1)a ndO･5%(cha n n el 2)forpix els with r elativ ely
lo w r eae cta n c e ofle8 Btha 皿0･2･ Ra nge pa r a m et r
N = 15 is u s ed for allc a s es.
tio n c o e丘 cient in e a ch layer･ T he gr ound s u r-
fa c eis pla n ar a nd sho w sL ambertian r e&e ctio n,
withthe reae ctivity ch anging o n apix el by plX el
basis･ T he pho七o n r ele v a nt to Lpr n2 is fir s七 r e
一
触 cted by an a･dja ce nt pl X el, the n 8C atter ed o11y
o n cein thein stant an e o u sFO Voft.he Se n s o r ele_
m en七･ In 七hefollo w 皿g,fo r sim plicityl ” Sta ndsfor
c ose, with s ubs cripts a, r, - d vindic atingthe s o-
la r z enith angle, r e且e c七io n a ngle, a nd obs er v atio n
angle, re spe ctiv ely, Wh e nthe s ola rirr adia n ce at
the To Åis written a sEext, andthe opticalthick-
n e s sfro m the gro undto the T o Åas 7T O A, the
do w n ward s ola rir r adia n c e at the gr o u nd is glV en
aB Eg - psEexte
-
TrOA/p8
･ It sho uldbe n otedthat
forE
g, w e c o n sider onlythe dire ctly七r a n smitted
light･ The s c atterer(a er o s ol r m ole cule)iBlo-
c ated at a n altitude ofzI T he e n e rgy ln Cide nt o n
the cro s s s ectio n cr ofthe scatte re rper u nittim e
-
4 2-
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Figu re4: Radia n c e c o mpo n e nts dete cted by a
s atelite 8 en SO r･ Lgd
･
･ gr o u nd-r eAe c七ed r adia n ce)
Lp: path r adia n ce･ a nd Lo: darkta rget r adiance･
isglV e nby
qEin(I,Pr) - Pr 響 e - ,'z'/pr (9)
Her e, A is the s u rfa ce a r e a of a pix el, pits r e-
鮎 cta n ce
,
r thele ngth ofa v e cto r co nnectingthe
r eAectingpiっ∈eltothe 8 C atter er, 0,the z enith angle
off, azldT(z)the opticalthicknessa七the altit-ユde
i.
Ne xt w e co n side rthe r adiatio n 加 Ⅹ 縄 sp(a)
比atis r ec eiv ed by a single elem ent(a･r e adSl)
ofthe s e n s o rlo c at.ed at. a distan c e ofA:
響 - Bin(I,Pr)芸p(c o so)e - ,
''B'/pv
. (10)
Her? 0 is the s catte ring a ngle, p(co sO)is the
pha sefun c七io n, and T
'(z)isthe op七icalthicknes s
fr om the pa rticle to the s e n s o r. Tills, eq. (10)
des cribe stlleir radia n ceinto the s e n so r ele m e nt
orlg皿 atingfr om thelightthatha s r e丑e cted fr o m
the su rfa ce a ndthe n s c atter ed by a slngle s c at-
te rer. Ⅰ七is als o n otedthat the s e n so r ele m e ntis
the o n e r ele v a n七to theta rgetpix elin the ins七 an -
ta n eo u sF O Vofthe s e n s o r.
T he n u mbe rof s c attering pa rticlesN(a)in a n
v olu m e el m e ntd V is giv e nbi, N(I) - ”(I)d V,
where n(I)is the n tl mber de n sity of s c attering
paJticle8. T he v oll lm e ele m ent c a nals obe e x-
pr ess ed asd S(I)dz, whe r edS(I)is七heba se ar e a
ofthe v olu m eele m e nt(s e eFig. 5). Usingthe
slngle s c attering al bedo wo andthe e xtin ctio n c o-
efRcie nt α(I), the totals c attering cr o ss s e ctio n
(汁(ヱ)
Y■
dS(I)
Sc aLh' n p8
- pQiRL_
Se ns or
＼ ミ
TaTgE!
dS]
th(E,”,)
O
r
E8 Xl
a;
(I,y.Cl)
Figu r eさ: C alculatio noftheirr adia n c eEadjdu eto
the adja c e n cy eae c七･ After r eae c七ed from art adja-
c e n七pix ello c ated a七(α,y,0),theligh七 u ngde rgo es
a single s c atte ring a七(0,0, a)I
du e七o the particles in sidedγisgiv e n a点
q N(I) = q n(I)d V
- woα(I)dS(z)dz. (ll)
Underthis sitllation,the radia七io n且u x七othe 8e n-
8 0 r el m e ntfro mthe v olu m e ele m e ntdVbe co m es
驚1- Ein(I,Pr)聖 地 垣 ･R2
p(c o so)e
- ''(I)/pv (12)
In the a ctu al eval11 a七io n
,
o n ehas to c on sider
co ntributio n sfr o m both aero sol pa rticles a nd
m ole cules.
W etake the o rlg皿 Ofthe co o rdin ate syste m at
thelo ca,土io n ofthe ta rge七 pix el. The totalcon -
triblltio nfr o mthe light r e且e cted at a pl)【el at
(x,y,0)is calculated by su m ming tip CO ntrib1ト
tio n sfro m al1the atm o sphe ricLAB,er5. T her efore,
whe nI-fold layer s a re a s s um ed, th irr adian c edu e
tothe 8･dja ce 皿Cy efre ctfro m thatpix elisgive nby
Es(x･y, -畠些 雛 (13,
S inc ethetotalirr adia n c eEadjis obtain ed from a
s?m m atio n of Es(x,y)o v e r a su氏 cie n七n u mber of
pix els a r o undtheta rget, w ehave
n rl
Eadj = ∑ ∑ Es(I,y), (14)
y= ー ' n 3･ = ‾ n
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wher e nde n otes a 8d 五cientlylarge positiv e n u m-
ber: w e c o n side rN x N pix els(N = 2n ＋1)in
the co mptlta七ioT1 0fthe adja cency effe ct. Theba-
sicfeatn re s ofthe adja ce n cy effe cta,r edeter min ed
by eqs. (12)-(14)･ PalticllaJly, Es(x,y)in eq･
(13)is animpo rta ntqtl anti七yin tha七itgiv e Bthe
co ntributio n of a single pixello cated at(ど ,y,0),
r ega rdles s ofthe refle cta n ce values ofotherpⅨ els･
Belo w
,
unles s Otherwis e noted, w e u sethe effe c-
tiv e r ene c七ivity pthatis obtain ed by n o rm aliz ng
EadjtO thedo w n w ards ola rirr adia n c eEe xt at the
ToÅ.
3.2 0ptical PeLr a m eter 畠
The c o mposite valu es ofthe e xtin ctio n c o efB
-
cient α(I), pha s efun ctio n p(co sO), a nd single
5 C attering al bedo wo, a r egl V e n, r e spe ctiv ely, a s
α(I) - α m(I)十α &(a), (15)
p(c o s㊧) = 聖 地 , (16)dTm ＋dT4
wo - 駕 浮 (17)
Eer edTis the atm o spheric opticalthicknessfor
a 皿 alt.itllde ele mentform I t.o 3＋dz.
岳.3 Sim ula土io n a nd a n alysis
ln the pr e se nt sim ulatio n, w e a 8 B n 皿 ethe fol-
1o w lng Para m e七 rB:the S ola r z e nith a ngle37.75
o
,
s atellite obse r v atioh z enith angle O
o(n adirlo olト
ing), satellite alti七ude850 km , s atelliteband wi dth
18100-18260c m
- 1(in w a w elength, 0.5476-0.5525
fi n), and s ola rirr adia n ce9.062 W/m 2. T hes e
valu e s a rein a c co rdan c e withthe par am ete rsfo r
N O A A A V H R Rchan n el1. T he 11rba 皿 a e rO $ 01
m odelis a s s u m ed for allthelaye rs, withthe single
sc a七tering al bedo woa = 0.9 a nd the a sym m etry
pa r am et r9 - 0.65. T he pix elsiz einthe satellite
im ageiB l kn × 1km . Fo rthe m 血 u n r a nge of
the adja c e n cy effe ct cdcdatio n, w etake n = 15
(N - 31)in eq･ (14)･ Fo rthe v ertical division of
the atm o sphe re, w e a s s um e51 layersin the al七i-
tudebetw e e n0 a nd 5 kn
,
a nd 27 laye rsbetw e e n5
a nd100 km . Details o nthe m o st ess e ntialpa r am-
ete rs
,
n am ely the a er o s ol extin ction profi1es and
the re且e ct an c edist ributio n ofthegr o undslrfa c e,
a r e e xplain ed belo w.
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Figu re 6: Aeros ol and m ole cula r extin ctio n pr o-
丘1es u s ed in the sim ula七io n･ (a)Pro丘Iesbas ed
o nthe MODT RAN code. Her epr ofi1e swiththe
a er os ol pticalthickn e s8 0f 0.2 - 0.5 a r e sho w n.
(b)Pr ofi1es wi thv ariable mked hyerheight. In
七his且gl∬ e,the a er o s olopticalthickne ssisfiⅩed at
0.3.
3.3.1 Aerosol e xtinctio n pr ofile
A r ange of七he a e r o sol opticalthickn es 8 0fT& =
0･18toO150(fro mthegr o und totheT o Å)is c o n-
sider ed he r e･ Tw okinds ofextin ctio npr ofiles ar e
po stulated asdepicted in Fig. 6. T he first ty pe
is m odelpr ofile s u s edin the M O D T R A Ncode.
Figu r e6(a)sho ws Su chpr ofilesfo r Ta = 0.2, 0.3,
0.4, a nd 0.5. T he othe rtypeis pr o且1e sin which a
mix ed layer with co n sta n七 a er o s ol e xtin ctio n e】く-
ists up to a c ertain altitude, a Billustr atedin Fig.
6(b)･ In the s epr ofile s, the ae r o s ol opticalthick-
n e siskep七 c o n sta nt(Ta - 0.3 forthe c a se of Fig･
6(b))whilethe miⅩedlayerheigh七iB V a rieda shh4L
= 1･0
,
1.5, ･ ･ ･, 3.0, a nd 3.5km .
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pa=0,3
co n sta nt
Tw o- reE]ecta n ce s tlrfa c e
Figu r e7: Fla七 andL ambe rtia n su rfa ce swithtw o
reflectanc e valu e s. p& is fix ed atO･3, while pbis
v aried betw e e n0.01 and0.3. T he target a r e ais
pla c ed o nthe bo rde r ofthe tw o s u rfa c es) o nthe
side ofthe su rfa c ewiththe v a riable r e丑ecta n c e.
3.3.2 Su rfa c e r e且e cta n c e
ln the pr es e nt sim ulatio n, w e adopt a sihl a-
tio nwith whichthe eGect can be Studied witht.he
utm o st cla rity; n a m ely w e a ss u m etw o(鮎t a nd
I.a mbe rtia n) su rfa c eswith diue re nt re且e cta n ces
(Fig･ 7)･ Asindic ated in Fig･ 7, the r eae c七a n c e
a七theleft sideis 丘Ⅹed atp& - 0･3, a ndthat o n
the rightSide(pb)is v aried betw e e nO･01a nd O･3･
Atarge七pix elis defin ed o nthe bo rder of the tw o
surfa c es, o nthe side ofthe su rfa cewiththe vari-
able r e且e c七a n ce. W e stlldy the adja c e n cy eGect
ex erted on the ``sa七euiteim age
''
ofthista.rge七by
cha ngingthe atm ospheric a s w ella s re&e c七ivity
c o ndi七io n 8,
8.4 R e s ults:D epe nde n c e o nthe s u rfa c e r e-
且e cta n c e
T hein且u en ce ofthe s u rfa c e re且 cta.neeis stud-
ied. Pr a ctically, it w oul d be u s eh l七o giv einfor-
m ation o nthe r atio betw e e ntheirr a.dia n c esdu e
to 血 e adja ce n cy effe ct a ndthe dire ct gr o und re-
鮎 ctio n･ Figu r e8sho w sther atio r - Eadj/Egd aS
aftln Ctio n ofthetotala e ro s ol pticalthickne8 S Ta
for v ario u s v alue s ofthe s u rfa ce reAe ct an cepb a nd
mix edlayerheighthM L. Fo rthe ca s e ofpb - 0･01,
the r atiois straightfo r w a rdly calc ulated fr o皿 the
Badi and Egd. Itis foundthat the r atio rislarger
forlarger
Jr& and la rge rhM L ･ As the s urfac ere-
fle c七an ceinc r e a ses
,
r valtleS a r efo undtode cr e as e)
but exhibiting similardepe nde n c e o n Ta a nd hM L.
It is n ote w o rthy that whe n pb is S mall) ev e n a
Re(LBCt8 nC印 b
0.01 - ～ 0,1 0 ～
0.02 ＋ 0.30 ＋
(km)
I
8.5
3.0
2.5
2.0
1 .5
1 .0
0 .2 (),3 0.4 0.5
0pticalthlckn ess
･T8
Figu r e8: A dja ce n cy effe ctrelativ etothegr o11t1心
re鮎 cted irr adianc e, T he cur v es 8how r =
Eadj/Egd for v a rio u s valu es ofpb a ndthe miⅩed
laye rheighthM L.
S mal cha nge ofthis value(e,9･ fr o m pb = 0･01
to O102)r es ultsin n otableldiEer e n c ein the r v al-
u e s･ W he nthe su rfa c e r e8 c七a n c eis 叫for m(pb
≡ 0.3), thedepe nde n c e o nhM Lbe e() m eBminim al･
4. Co n cl11 8io n 8
Weha v epr es e nted an algo rithn in which o nly
r adia n ce c o mpo n e nts a七thetor;ofa.tm o spher e a r e
n e eded七o calc uhte the re且e cもa n c e of e a chpix el
in s a七elliもeim a耶 s. Itha sbe e n sho wn tha七 whe n
the s a m e atm o spheric c o nditio n s a r e a ss um ed fo r
the c o nstruction ofthe testim age and for the re-
trie v alpro c edllr e, a n a c c u r a cy Ofl%is attain ed
in the c a se ofa visibleim age. T he adjacen cy ef-
fect can e a silybe c alc11a七ed o n aplX el-by-pix el
ba sis by m e a n s of u r slngle sc attering ap pro ‡i-
m ation . T his calclla,土io n m akesiもpo ssibleto de-
te rmin ethe r a ngepa ra m et rN for e a chpix el. So
far we hav e llS ed a er o sol m odels(i･e･ w a v el ngth
depe nde n c e ofthe e x七in ctio皿)and a e r os ol v erti-
c alpr ofilesprovided in the MOD T R A Ns o llr C e
c ode. h this c o nte xt
,
the data obtain ed with olユr
m 11ti- w a vdength lida 一 冊ill be quite be ne丘cialto
impro v ethe a ctt1alatm o spheric co r re ctio n ofthe
satellite im age shclud ing(コhiba a re a･
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